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The effects of different mowing regimes on diversity of grasses in lowland meadows
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Abstract: This study addresses the question of how changing the mowing regime influences the floristic composition and floristic
diversity of grasses in an experimental lowland meadow. The study location is Białowieża Forest, NE Poland. To achieve the aim we used
phytosociological data from long-term studies in Białowieża Forest on the course of secondary succession. The relationship between
the biodiversity of grasses and type of mowing was determined using statistical analysis. Changes in the dominance and frequency
of individual grass species have occurred during the last 28 years of observations. The analysis of floristic similarity demonstrated a
turnover of species between the individual years of observation. Principal component analysis showed that the change in mowing
method resulted in a change of the species composition, cover, and domination. However, differences in the intensity of disturbance
level were rather small (one cut yearly by scythe, by sickle bar mower, and by trimmer), and changes in floristic composition were
also moderate in most years. During the initial years (1984–1990), Dactylis glomerata, Agrostis gigantea, and Anthoxanthum odoratum
dominated. After 1990, Arrhenatherum elatius and Holcus lanatus spread and took over, with Trisetum flavescens joining them later.
Between 2008 and 2012 the cover of Dactylis glomerata increased more than two times. The reasons for the floristic transformations
were changes in the management mode, e.g., the transition from mowing by scythe (medium disturbance) to mechanized mowing, first
by sickle bar mower (strong disturbance) and then by trimmer (weak disturbance).
Key words: Arrhenatherion, Białowieża Forest, hay meadow, long-term study, mowing regime, Poaceae

1. Introduction
Seminatural meadow communities of the MolinioArrhenatheretea class belong to secondary phytocoenoses
that formed as a result of human activity. Many centuries
of management shaped the grassland communities
forming an integral part of the temperate zone of the
European landscape (Linusson et al., 1998; Moog et al.,
2002; Isselstein et al., 2005; Heinsoo et al., 2010; Gaujour
et al., 2012).
The species composition of meadow turf depends
mainly on habitat conditions, e.g., soil fertility (Schellberg
et al., 1999; Klimek et al., 2007), pH (Jastrzębska et al.,
2009), and humidity (Gaujour et al., 2012). However, unlike
in natural plant communities, the persistence and nature
of meadow communities are determined by the variety of
meadow management methods, and of these mowing and
grazing are the key factors influencing the structure and
species composition of individual meadow phytocoenoses
(Fischer and Wipf, 2002; Gaisler et al., 2004; Klimek et al.,
2007; Cousins and Eriksson, 2008; Gaujour et al., 2012;
Socher et al., 2012; Zarzycki and Korzeniak, 2012). Each
change in the management method has an impact on the

botanical composition of the sward (Isselstein et al., 2005;
Köhler et al., 2005).
One of the most important factors determining the
structure and composition of meadow communities is
mowing management disfavoring woody plants (Moog
et al., 2002; Zechmeister et al., 2003; Gaisler et al., 2004;
Plantureux et al., 2005; Gaujour et al., 2012; Socher et al.,
2012). Changes in mowing management or abandonment
of grasslands from agricultural use cause disturbances
in the structure and species composition of meadow
communities (Moog et al., 2002; Silvertown et al., 2006;
Lanta et al., 2009). Many researchers have shown that
cessation of grassland management leads to successional
change and to a loss of plant species diversity. Vegetation
succession facilitates the expansion of woody taxa, the
dominance of taller species from later successional stages,
and the decline of species typical for managed grasslands
(Moog et al., 2002; Pykälä, 2003; Gaisler et al., 2004;
Kahmen and Poschlod, 2004; Rosenthal, 2010).
The effects of some management methods may be
revealed only after many years (Linusson et al., 1998;
Schellberg et al., 1999; Berlin et al., 2000; Moog et
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al., 2002). That is why long-term experiments are of
considerable importance for discovering the impact of
applied treatments on the floristic composition of meadow
phytocoenoses, both under regular management and after
abandonment. Long-term studies on permanent plots
provide an opportunity for regular registration of ongoing
changes (Moog et al., 2002; Silvertown et al., 2006;
Adamowski and Bomanowska, 2011a).
All changes in the use of meadows are particularly
clear in the species diversity and frequency of grasses
(Berlin et al., 2000; Gaisler et al., 2004; Bomanowska
and Adamowski, 2007; Adamowski and Bomanowska,
2009, 2011b, 2013; Rosenthal, 2010). The specific position
of meristems makes grasses much more tolerant to
mechanical damage than other plants (Peeters et al., 2004).
Mowing and grazing promote the growth of grasses, in
this way ensuring the persistence and stability of meadow
phytocoenoses (Kucharski, 1999; Berlin et al., 2000;
Peeters et al., 2004).
The aim of the study was to assess the effects of different
levels of anthropogenic disturbance due to changes in the
mowing regimes on the floristic composition and floristic
diversity of grasses in an experimental lowland meadow.
2. Materials and methods
2.1. Sampling design and data collection
Since 1974 the Experimental Ecological Garden of the
Białowieża Geobotanical Station, Warsaw University,
located in Białowieża, NE Poland, has been the site of
long-term studies on the course of secondary succession
on abandoned agricultural land (Figure 1A). A detailed
description of the site of the experiment, its habitat
conditions, and the treatments used can be found in earlier
papers by Faliński (2002), Adamowski and Bomanowska
(2009, 2011a, 2011b, 2013), and Bomanowska and
Adamowski (2007, 2009, 2012).
Since 1984, 15 observations have also been carried
out biannually on a control plot (22 × 10 m2; Figure 1B)
maintained as an annually mown, unfertilized meadow,
classified as a community of Arrhenatherion alliance.
The following features were recorded: overall species
composition, structure of the plant community, and
appearance of seedlings and small individuals of woody
species (Faliński, 2002; Adamowski and Bomanowska,
2009). Biomass was removed after observation, i.e. in the
first or second week of July.
The study was based on phytosociological relevés made
on permanent plots (one relevé per each basal plot of 10 m2)
at the -beginning of July by the classical Braun-Blanquet
method. For each species in a single relevé, the cover and
abundance values were evaluated using the numerical
scale of Braun-Blanquet and in the decimal scale of Londo

(Dzwonko, 2007). This variant of the experiment is used
to evaluate the effects of the anthropogenic modification
(inhibition) of the secondary succession process by
controlled mowing.
Until 1992 plots were mown by scythe, and later by
mechanical means – first by sickle bar mower (1993–
2007), and since 2008 by trimmer. These mowing regimes
differ in disturbance level: higher in the low cutting sickle
bar mower regime (sward cut at height of 20–50 mm),
disrupting the developing tufts of Dactylis glomerata and
ant hills, and lower in the trimmer regime (sward cut
at height of 60–100 mm), leaving more biomass on the
plot. Mowing by scythe gives an intermediate level of
disturbance (sward cut at height of 50–80 mm).
The authors used data from the 1984–2012 (subplots
F1–F10 and F13–F19; 170 m2) kept in the archive of BGS
UW. Data from subplots F11–F12 and F20–F22 were not
included in the analysis due to shading by neighboring
trees (Figure 1).
The site was described (from 1984 to 2012 every 2
years) using six habitat parameters from the Institute
of Meteorology and Water Management database: the
average daily air temperature (DAT), average relative
humidity (RH), average wind speed (WS), daily sum of
precipitation (SP), average snow depths (SD), and time of
snow cover (SC).
The Latin names of vascular flora were used according
to Mirek et al. (2002).
2.2. Data analysis
Biodiversity indices (Shannon diversity index H’; evenness
index J’) were calculated based on phytosociological
relevés, replacing the degrees on the Londo abundance
scale with the following values of percentage cover: 0.10.5%, 0.2- 2%, 0.4- 5%, 1- 10%, 2- 20%, etc. (Dzwonko,
2007).
The Shannon diversity index (H’) was calculated
based on the following formula (Shannon and Weaver,
1949): H = –∑pi log pi, where pi = ni/N, pi = probability
of the importance of the ith species in the set, ni = the
coefficient of importance of a species, and N = the sum of
the coefficients of significance of all species.
The evenness index (J’) was calculated based on the
following formula: J = Hobs/Hmax. The evenness index (J’)
is the ratio of the diversity observed to the maximum for a
given number of species (Pielou, 1974).
The Kruskal–Wallis test was used to test differences
in grass species richness between the various methods
of mowing. This test is recommended for small datasets
that do not show normal probability distributions and
is a nonparametric alternative to one-way ANOVA (van
Emden, 2008). The significance level for statistical analyses
was P ≤ 0.05.
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Figure 1. Study area. A) Plan of the Experimental Garden of the Białowieża Geobotanical Station of Warsaw University (shaded sectors
are used for observation); B) internal division of sector F.

The similarity between grass floras in particular years
of the experiment was evaluated using Jaccard’s similarity
coefficient (CJ), with object grouping by the unweighted
pair group method (UPGMA; Jongman et al., 1995).
To detect differences in grass species composition
caused by various types of mowing an ordination of the
floristic data was performed using principal component
analysis (PCA; van Emden, 2008). The analysis was
performed on a plot basis using the percentage cover of
grass species. The correlation between the metric traits
and the habitat parameters was tested using Pearson’s
correlation coefficient and the following values were
adopted: less than 0.20 - correlation very poor, 0.21–0.39
- weak correlation, 0.40–0.69 - moderate correlation, 0.70–
0.89 - strong correlation, and above 0.89 - correlation very
strong (van Emden, 2008).
The statistical analyses were performed using the
program packages STATISTICA 10.0, CANOCO 4.5, and
MVSP 3.22
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3. Results
An overall number of 20 (12–17 in given observations)
grass species was recorded as occurring in the experimental
plot during the experiment period (Figure 2A–2C). The
coverage of grasses ranged from 12.4% in 1984 to 48.1% in
2008 and their frequency per basal plot from 6 in 2000 to 9
in 2012 (Figure 2B). During the initial years (1984–1990),
Dactylis glomerata, Agrostis gigantea, and Anthoxanthum
odoratum were dominant species in terms of their cover
(Figure 2C). After 1990, cover of Arrhenatherum elatius
and Holcus lanatus increased, and cover of Trisetum
flavescens increased as well after 2000. Dactylis glomerata
and Anthoxanthum odoratum were present in almost
all plots in the whole study period. Some grass species
(Agrostis gigantea, Alopecurus pratensis, Holcus lanatus)
showed significant fluctuations in their frequency and/or
coverage. Other species (Elymus repens, Poa pratensis, P.
palustris) were more frequent at the beginning of the study
and later receded.

BOMANOWSKA et al. / Turk J Bot

Figure 2. Characteristics of the experimental meadow in the period 1984–2012. A) Mowing regime and disturbance level. B) Total cover of grasses, number of grass species per observation and per basal plot. C) Cover of the
seven most abundant grass species.

The year 2008 was marked by an exceptionally lush
development of grasses (Figure 2B). The entire percentage
of the area covered by them increased nearly twice with
regard to the previous observation (Holcus lanatus
increased more than three times; Figure 2C). Between
2008 and 2012 the cover of Dactylis glomerata increased

more than two times, whereas the total cover of grasses
diminished (from 48.1% in 2008 to 39.8% in 2012). In
the same time the cover of Holcus lanatus decreased four
times, and Trisetum flavescens two times (Figure 2C).
Although there were visible changes in species cover,
there were no significant effects of mowing treatments
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Figure 3. Species richness analyzed using the Kruskal–Wallis test with different types of mowing as a main factor. A) Number of species
(N); B) Shannon diversity index (H’); C) evenness index (J’). The boxes represent the average ± standard error, the point within the box
shows the average, and the whiskers show average ± standard deviation. Mowing regimes were scythe (S), sickle bar mower (M), and
trimmer (T).

on temporal species diversity data (Figure 3). The lowest
Shannon diversity index (H’ = 2.23) was calculated
for 1986 (scythe), and the highest (H’ = 2.92) for 1992
(scythe). In turn, the minimum and maximum values of
the evenness index were obtained in 1986 (J’ = 0.58) and
in 2004 (J’ = 0.78; sickle bar mower), respectively (Figure
3). The absence of significant correlations most probably
results from the small number of species in the analyzed
group and its uniformity (only grasses were analyzed).
The analysis of floristic similarity demonstrated that
there was a turnover of species between the individual
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years of observation and enabled the distinguishing of
three groups (Figure 4). The highest values of Jaccard’s
similarity coefficient (CJ) were found for 1986–1992
(scythe) and 1994 (sickle bar mower), as well as between
2008 (sickle bar mower) and 2010–2012 (trimmer), which
constituted two distinct groups. The third group covers
the period between 1994 and 2006 (sickle bar mower), and
it is characterized by the lowest homogeneity and lower
similarity.
PCA demonstrated that the change in mowing
method resulted in a change of the species composition of
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Figure 4. Similarity of grass floras in particular years of experiment measured by the
Jaccard coefficient. Mowing regimes were scythe (S), sickle bar mower (M), and trimmer (T).

Figure 5. Ordination diagrams based on principal component analysis (PCA) of particular years of the experiment. The graphs show
the changes in the grass species composition with different mowing treatments: A) graph for the analysis testing the effect of management. Mowing regimes were scythe (S), sickle bar mower (M), and trimmer (T). B) Ordination of species.
The abbreviations of the species names are based on the first three letters of the genus and species name: Agr cap – Agrostis capillaris,
Agr gig – Agrostis gigantea, Alo prat – Alopecurus pratensis, Ant odo – Anthoxanthum odoratum, Arr ela – Arrhenatherum elatius, Bri
med – Briza media, Cal epi – Calamagrostis epigejos, Cyn cri – Cynosurus cristatus, Dac glo – Dactylis glomerata, Des cae – Deschampsia caespitosa, Ely rep – Elymus repens, Fes pra – Festuca pratensis, Fes rub – Festuca rubra, Hol lan – Holcus lanatus, Lol per – Lolium
perenne, Phl pra – Phleum pratense, Poa pal – Poa palustris, Poa pra – Poa pratensis, Poa tri – Poa trivialis, Tri fla – Trisetum flavescens.

grasses (Figures 5A and 5B). A clearly distinct group was
distinguished for 2010 and 2012, when the experimental
plots were mowed by trimmer. Similarly, two separate but
slightly overlapping groups are formed by years when the
meadow was mown using a scythe and sickle bar mower
(Figure 5A). Mowing with the scythe in the first years of the

experiment coincides with a higher abundance of Festuca
rubra, Agropyron repens, and Poa pratensis (Figure 5B).
In the last years of the experiment the replacement of the
sickle bar mower with a trimmer coincided with a higher
abundance of Dactylis glomerata, Alopecurus pratensis,
Poa trivialis, and Festuca pratensis (Figure 5B). We found
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no clear trend in the change of species composition during
the years when the experimental plots were mown using
the sickle bar mower. Year 2008 was characterized by
weather anomalies, including an extremely wet spring, and
was clearly different from other study years. At that time
the contribution of Holcus lanatus and Trisetum flavescens
increased in the plant cover (Figure 5B).
The analysis of the correlation between the values
of percentage of plant cover and the habitat parameters
showed moderate correlation only between four species
(Agrostis capillaris (r=0.64); Arrhenathenum elatius
(r=0.66); Holcus lanatus (r=0.60); Poa pratensis (r=0.54))
and the average daily air temperature (DAT). Moderate
correlation occurred also between cover of Alopecurus
pratensis and average relative humidity (r=0.52) and daily
sum of precipitation (r=0.56). Other correlations were
weak or very poor.
4. Discussion
Our results confirm the findings of other authors on the
influence of changes in management regime, particularly
the frequency and timing of cutting, on the floristic
composition of meadow turf (e.g., Beltman et al., 2003;
Gaisler et al., 2004; Silvertown et al., 2006; Socher et al.,
2012). In our studies changes in the mode of mowing
stimulated the growth of some grass species and decreased
the abundance of others. However, differences in the
intensity of disturbance level were rather small (one cut
yearly by scythe, by sickle bar mower, and by trimmer),
and changes in floristic composition were also moderate
in most years.
Among the reasons for the recorded dominance
and frequency of individual grass species during the 28
years of the study period were changes in the mode of
management, e.g., the transition from mowing by scythe
(medium disturbance level) to mechanized mowing (since
1993), first by a sickle bar mower (high disturbance level)
and then by a trimmer (since 2008; low disturbance level;
Figure 2A).
One of the dominant grasses in different variants of our
experiment with secondary succession, both undisturbed
and anthropogenically driven, is Dactylis glomerata
(Adamowski and Bomanowska, 2013). In the literature this
species is described as highly competitive under different
mowing regimes, and less so under grazing (Peeters et al.,
2004). It was also mentioned as one of a few species that
tolerate mowing well by Gaujour et al. (2012). However,
there is coincidence between the decreasing cover of D.
glomerata between 1994 and 2006 (Figure 2C) and mowing
by sickle bar mower in our experiment. There is also
coincidence between the increasing cover of the species
in the last years after the start of trimmer use (Figures
2C, 5A, and 5B). However, it needs to be remembered
that the effects of the change in the mode of management
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became visible at least a year after application (so the effect
of increase in disturbance level could be observed first in
2004, and the effect of its decrease in 2010), as mowing was
done after observation. Similar species turnover without
big changes in species diversity has been observed by other
authors, even under unchanged management (Berlin et al.,
2000).
Arrhenatherum elatius reacts positively to regular
mowing (Grynia and Kryszak, 1997; Kryszak et al., 2007),
but is not tolerant to low cutting, grazing, and trampling;
it disappears under intensive management (Peeters et al.,
2004). In our studies Arrhenatherum elatius retained its
position at the time of the strongest disturbances, when
the experimental meadow was mown by sickle bar mower
(Figures 2A and 2C). However, even this management
regime, with one cut per year, should be regarded as
extensive (compare Peeters et al., 2004; Plantureux et al.,
2005).
The steady occurrence and abundance of Anthoxanthum
odoratum (Figure 2C) is remarkable. This species was
present in almost all plots during the whole investigation
period. Anthoxanthum odoratum is the earliest-flowering
grass in our area. According to the literature (Hansson and
Fogelfors, 2000) the species shows two peaks in vegetative
growth. The second growth peak occurs after mowing is
performed in the experiment, which might explain its
steady occurrence. The species is also mentioned in the
literature as one that tolerates cutting well (Gaujour et al.,
2012).
Among other factors influencing the share of grasses
in temperate meadows (see Beltman et al., 2003; Peeters
et al., 2004), weather fluctuations are certainly important
and well known (Morecroft et al., 2004; Silvertown et
al., 2006; Zarzycki and Korzeniak, 2012). In our studies,
2008, with its wet spring, was marked by an exceptional
overgrowth of grasses, with the absolute peak of Holcus
lanatus cover (22%). The cover of Alopecurus pratensis and
Dactylis glomerata also increased (Figures 2B, 2C, 5A, and
5B). Despite unfavorable conditions in the following years
the cover of D. glomerata and A. pratensis still increased.
It is still, however, too soon to decide whether this is a
permanent change or a simple fluctuation of abundance.
It seems improbable that the observed changes of
floristic composition were driven by changes in soil
humidity. In Białowieża Forest a decrease in groundwater
level (water table) was observed (Pierzgalski et al., 2002),
whereas the spread of Holcus lanatus indicated an increase
in humidity (Zarzycki et al., 2002). The species is a
strong competitor, spreading when pastoral agricultural
practices are neglected or after complete abandonment
of meadow use (Grynia and Kryszak, 1997; Kryszak et
al., 2007; Kompała-Bąba and Bąba, 2007) as well as under
high fertilization and a low cutting regime (Kucharski,
1999). The spread of H. lanatus is also promoted by its
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early flowering – at the time of observation (end of June –
beginning of July) this grass sheds seeds and its stems die.
In this way observers can act as dissemination factors, and
removal of biomass has little effect on the further growth
of this species. It is difficult to say, however, what induced
the peak of abundance of the species in 2008 (Figures 2C
and 5B). However, other moisture-loving grass species,
especially Poa palustris, had different dynamic tendencies
on this particular plot (Figure 2C). Locally, soil humidity
could have been modified by increased shading and a
decrease in wind velocity caused by nearby trees (sector
F is close to the border of Palace Park, with 100-yearold trees, and close to sector E, where the highest trees
are more than 20 m high). Data from most shaded plots
were removed from the analyzed dataset. This allows
for the diminished influence of shading on the floristic
composition of experimental meadow turf but does not
eliminate it completely.
Other factors governing the grasses composition of the
investigated meadow seem to be: i) the relatively late time
of mowing, which occurred in July, making it possible for
a number of grasses (especially Anthoxanthum odoratum,
Holcus lanatus, and Trisetum flavescens) to ripen and spread
their seeds; ii) competitive interactions between particular
species (see, for example, the decrease of H. lanatus and T.
flavescens in the last two observations coinciding with the
expansion of Dactylis glomerata; Figure 2C); iii) biannual
trampling of the plant cover by observers, which made
it more difficult for mowers to remove biomass from the
meadow. Trampled stems are difficult to remove, more
biomass is left on the ground, and a fertilization effect
appears. Fertilized meadow turf is even more leafy and
trampled at the time of the next observation – positive
feedback develops. This last phenomenon could also
increase soil moisture by the accumulation of rainwater,
protecting the soil against evaporation (Kaźmierczakowa,
1999).
Of course, the estimation of the influence of changes
in management regimes on the floristic composition
of meadow turf could have been much easier if the
experiment had included three groups of plots, each
of these groups managed differently during the whole
investigation period, as in studies by Gaisler et al. (2004)
or Köhler et al. (2005). An additional factor hampering the

estimation of the influence of changes in the management
regime on the floristic composition of meadow turf
could be microhabitat variability and the uneven floristic
composition of particular plots at the time of the start
of observation (Zarzycki and Korzeniak, 2012), clearly
visible in our primary data (not shown). Microhabitat
variability (for example humus content) is a very probable
phenomenon because of the history of present sector F.
Some facts show that our experimental meadow was used
as meadow for a rather short time. These facts are: very low
share of grasses, uneven floristic composition of particular
plots in the first years of observation, and gradual
spreading of first Arrhenatherum elatius and Holcus lanatus
and later Trisetum flavescens (Figure 2C), together with
the domination of easily spreading Leontodon hispidus,
reaching high abundance after 11 years of secondary
succession on the abandoned field (Bomanowska and
Adamowski, 2007). According to information obtained
from former workers of the Białowieża Geobotanical
Station, when the Experimental Garden was established
clay-pits existed in the place of present sector F. Meadow
vegetation probably developed after the flattening of the
terrain of present sector F in 1973–1974, and before the
start of observations in 1984. This way at least some of the
observed changes derive simply from anthropogenically
driven secondary succession, which in the case of grassland
communities takes at least several dozen years to complete
(see Reid et al., 1980; Albert et al., 2014).
Our observations show that even small changes in the
management regime, e.g., the transition from mowing
by scythe to mechanized mowing together with yearly
weather fluctuations and competitive interactions between
particular species, can have an unexpectedly strong
influence on the qualitative and quantitative composition
of meadow turf, especially grasses.
Acknowledgments
The authors wish to thank the late Professor Janusz B
Faliński, who was an author of this study concept and
long-term coordinator of research. Observations were
conducted first by Professor Aurelia U Warcholińska, and
since 1995 by the authors of this paper (WA and AB).
We wish to thank Jolanta Aleksandruk-Foulds and Peter
Foulds for linguistic corrections.

References
Adamowski W, Bomanowska A (2009). Zmiany udziału traw na
nienawożonej łące kośnej w Puszczy Białowieskiej w ciągu 24
lat. Fragm Florist et Geobot Pol 16: 377-386 (in Polish).

Adamowski W, Bomanowska A (2011b). Udział traw w sukcesji
wtórnej na niekoszonej łące grądowej w Puszczy Białowieskiej.
Fragm Florist et Geobot Pol 18: 375-385 (in Polish).

Adamowski W, Bomanowska A (2011a). Forest return on an abandoned field – secondary succession under monitored conditions. Act Uni Lodz Folia Biol Oec 7: 49-73.

Adamowski W, Bomanowska A (2013). Wpływ eksperymentalnego
koszenia i ocienienia na udział traw w toku sukcesji wtórnej.
Fragm Florist et Geobot Pol 20: 333-346 (in Polish).

87

BOMANOWSKA et al. / Turk J Bot
Albert ÁJ, Kelemen A, Valkó O, Miglécz T, Csecserits A, Rédei T,
Deák B, Tóthmérész B, Török P (2014). Secondary succession
in sandy old-fields: a promising example of spontaneous grassland recovery. Appl Veg Sci 17: 214-224.
Beltman B, van den Broek T, Martin W, ten Cate M, Güsewell S
(2003). Impact of mowing regime on species richness and
biomass of a limestone hay meadow in Ireland. Bulletin of the
Geobotanical Institute ETH 69: 17-30.
Berlin GAI, Linusson AC, Olsson EGA (2000). Vegetation changes in
semi-natural meadows with unchanged management in southern Sweden, 1965–1990. Acta Oecol 21: 125-138.
Bomanowska A, Adamowski W (2007). Grasses (Poaceae) in secondary succession of oak-hornbeam series in Białowieża Forest. In: Frey L, editor. Biological Issues in Grasses. Krakow, Poland: W. Szafer Insitute of Botany, Polish Academy of Sciences,
pp. 131-143.
Bomanowska A, Adamowski W (2009). The role of woody species
in the secondary succession under monitored conditions (Bialowieza Forest, NE Poland). In: Plant, Fungal and Habitat
Diversity Investigation and Conservation – Proceedings of IV
BBC – Sofia, 2006, pp. 291-295.
Bomanowska A, Adamowski W (2012). Alien plant species in secondary succession. Thaiszia 22: 109-129.

Jastrzębska M, Szarejko T, Hołdyński C, Jastrzębski WP (2009). Species diversity in grassland communities under different habitat
conditions. Pol J Natur Sc 2: 43-49.
Jongman RHG, Ter Braak CJF, Tongeren OFR (1995). Data Analysis
in Community and Landscape Ecology. Cambridge, UK: Cambridge University Press.
Kahmen S, Poschlod P (2004). Plant functional trait responses to
grassland succession over 25 years. J Veg Sci 15: 21-32.
Kaźmierczakowa R (1999). Skład florystyczny i biomasa runi nie
użytkowanych łąk pienińskich oraz zmiany wywołane jednorazowym skoszeniem. Pieniny. Przyroda i Człowiek 2: 13-24 (in
Polish).
Klimek S, Richter Kemmermann A, Hofmann M, Isselstein J (2007).
Plant species richness and composition in managed grasslands:
the relative importance of field management and environmental factors. Biol Conserv 134: 559-570.
Köhler B, Gigon A, Edwards PJ, Krüsi B, Langenauer R, Lüscher A,
Ryser P (2005). Changes in the species composition and conservation value of limestone grasslands in Northern Switzerland after 22 years of contrasting managements. Perspectives
Plant Ecol Evol Sys 7: 51-67.

Cousins SO, Eriksson O (2008). After the hotspots are gone: land
use history and grassland plant species diversity in a strongly
transformed agricultural landscape. Appl Veg Sci 11: 365-374.

Kompała-Bąba A, Bąba W (2007). Przemiany składu florystycznego
zbiorowisk łąkowych Kotliny Dąbrowskiej (Wyżyna Śląska)
jako wynik zaprzestania tradycyjnych form użytkowania i degradacji środowiska. Acta Bot Warm Mas 4: 173-186 (in Polish).

Dzwonko Z (2007). Przewodnik do badań fitosocjologicznych. Instytut Botaniki Uniwersytetu Jagiellońskiego. Krakow, Poland:
Wydawnictwo Sorus (in Polish).

Kryszak A, Kryszak J, Grynia M (2007). Zmiany degradacyjne na
łąkach i pastwiskach wyłączonych z użytkowania. Acta Bot
Warm Mas 4: 205-214 (in Polish).

Faliński JB (2002). Białowieża Geobotanical Station. Long-term
studies. Data basis on the vegetation and environment (1952–
2002). Phytocoenosis 14 (N.S.) Suppl Bibl Geobot 14: 1-200.

Kucharski L (1999). Szata roślinna łąk Polski Środkowej i jej zmiany w XX stuleciu. Łódź, Poland: Wydawnictwo Uniwersytetu
Łódzkiego (in Polish).

Fischer M, Wipf S (2002). Effect of low-intensity grazing on the species-rich vegetation of traditionally mown subalpine meadows.
Biol Conserv 104: 1-11.

Lanta V, Doležal J, Lantová P, Kelišek J, Mudrák O (2009). Effects
of pasture management and fertilizer regimes on botanical
changes in species-rich mountain calcareous grassland in Central Europe. Grass Forage Sci 64: 443-453.

Gaisler J, Hejcman M, Pavlů V (2004). Effect of different mulching
and cutting regimes on the vegetation of upland meadow. Plant
Soil Environ 50: 324-331.
Gaujour E, Amiaud B, Mignolet C, Plantureux S (2012). Factors and
processes affecting plant biodiversity in permanent grasslands.
A review. Agron Sustain Dev 32: 133-160.
Grynia M, Kryszak A (1997). The occurrence and diversity of grass
species in plant communities of the Molinio-Arrhenatheretea
class in the Wielkopolska region (Poland). Fragm Florist Geobot 42: 311-325.
Hansson M, Fogelfors H (2000). Management of a semi-natural
grassland; results from a 15-year-old experiment in southern
Sweden. J Veg Sci 11: 31-38.
Heinsoo K, Melts I, Sammul M, Holm B (2010). The potential of
Estonian semi-natural grasslands for bioenergy production.
Agr Ecos Environ 137: 86-92.
Isselstein J, Jeangros B, Pavlu V (2005). Agronomic aspects of biodiversity targeted management of temperate grasslands in Europe: a review. Agron Res 3: 139-151.

88

Linusson AC, Berlin GAI, Olsson GA (1998). Reduced community
diversity in seminatural meadows in southern Sweden, 1965–
1990. Plant Ecol 136: 77-94.
Mirek Z, Piękoś-Mirkowa H, Zając A, Zając M (2002). Flowering
plants and pteridophytes of Poland – a checklist. In: Mirek Z,
editor. Biodiversity of Poland. Krakow, Poland: W. Szafer Insitute of Botany, Polish Academy of Sciences.
Moog D, Poschlod P, Kahmen S, Schreiber KF (2002). Comparison
of species composition between different grassland management treatments after 25 years. App Veg Sci 5: 99-106.
Morecroft MD, Masters GJ, Brown VK, Clarke IP, Taylor ME, Whitehouse AT (2004). Changing precipitation patterns alter plant
community dynamics and succession in an ex-arable grassland. Funct Ecol 18: 648-655.
Peeters A, Vanbellinghen C, Frame J. (2004). Wild and Sown Grasses.
Profiles of a Temperate Species Selection: Ecology, Biodiversity,
and Use. Rome, Italy: Food and Agriculture Organization of
the United Nations and Blackwell Publishing.

BOMANOWSKA et al. / Turk J Bot
Pielou EC (1974). Population and Community Ecology: Principles
and Methods. New York, NY, USA: Gordon and Breach.

Shannon CE, Weaver W (1949). The Mathematical Theory of Communication. Urbana, IL, USA: University of Illinois Press.

Pierzgalski E, Boczoń A, Tyszka J (2002). Zmienność opadów
i położenia wód gruntowych w Białowieskim Parku Narodowym. Kosmos 51: 415-425 (in Polish).

Silvertown J, Poulton P, Johnston E, Edwards G, Heard M, Biss PM
(2006). The Park Grass Experiment 1856-2006: its contribution
to ecology. J Ecol 94: 801-814.

Plantureux S, Peeters A, Mccracken D (2005). Biodiversity in intensive grasslands: effect of management, improvement and
challenges. In: Lillak R, Viiralt R, Linke A, Geherman V, editors. Integrating Efficient Grassland Farming and Biodiversity,
Volume 10. Tartu, Estonia: Grassland Science in Europe, pp.
417-426.

Socher SA, Prati D, Boch S, Müller J, Klaus VH, Hölzel N, Fischer
M (2012). Direct and productivity-mediated indirect effects of
fertilization, mowing and grazing on grassland species richness. J Ecol 100: 1391-1399.

Pykälä J (2003). Effects of restoration with cattle grazing on plant
species composition and richness of semi-natural grasslands.
Biodivers Conserv 12: 2211-2226.
Reid EH, Strickler GS, Hall WB (1980). Green Fescue Grassland: 40
years of Secondary Succession. USDA Forest Service Research
Paper PNW-274. Portland, OR, USA: Pacific Northwest Forest
and Range Experiment Station.
Rosenthal G (2010). Secondary succession in a fallow central European wet grassland. Flora 205: 153-160.
Schellberg J, Möseler BM, Kühbauch W, Rademacher IF (1999).
Long-term effects of fertilizer on soil nutrient concentration,
yield, forage quality and floristic composition of a hay meadow
in the Eifel mountains, Germany. Grass Forage Sci 54: 195-207.

van Emden H (2008). Statistics for Terrified Biologists. Ames, IA,
USA: Blackwell Publishing.
Zarzycki J, Korzeniak J (2012). Wpływ zróżnicowanych zabiegów
agrotechnicznych na różnorodność florystyczną górskiej łąki.
Ekologia i Technika 20: 41-46 (in Polish).
Zarzycki K, Trzcińska-Tacik H, Różański W, Szeląg Z, Wołek J, Korzeniak U (2002). Ecological indicator values of vascular plants
of Poland. In: Mirek Z, editor. Biodiversity of Poland 2. Krakow, Poland: W. Szafer Insitute of Botany, Polish Academy of
Sciences, pp. 1-183.
Zechmeister HG, Schmitzberger I, Steurer B, Peterseila J, Wrbka T
(2003). The influence of land-use practices and economics on
plant species richness in meadows. Biol Conserv 114: 165-177.

89

